Introduction
The primary goal of this investigation is to extend the Kepler B-star study conducted by to a substantially larger number of objects. Their paper examined the light curves of 48 B stars in the NASA Kepler satellite database and found that their frequency spectra differed from those obtained from ground-based observatories. Much smaller amplitude, high-degree modes are now detectable because of Kepler's high precision and continuous observing cadence. This study further quantifies the nature of B-star variability by uniformly analyzing the power spectra of 252 stars, essentially all B-star candidates with m V < 14.5 in the Kepler field-of-view.
Our study was motivated by the puzzling manner in which B stars pulsate. Their interior structures are thought to be nearly identical, so why are their pulsational properties different? The β Cephei (β Cep) stars are typically multi-periodic radial pulsators (Stankov and Handler 2005) . However, the β Cep star, β Cru appears to pulsate solely in non-radial modes (de Cat et al. 2004 ). The spectral range of the β Cep stars also overlaps that of the early type Be stars. Nearly all (86%) of these latter stars show light and lineprofile variations indicative of non-radial pulsation, however, only 40% of mid type Be stars and 18% of late-type Be stars appear to pulsate in this fashion (Neiner et al. 2009 ). The Be stars also change their light output on a variety of timescales (Porter and Rivinius 2003) . The spectral range of the slowly pulsating B stars (SPBs) also overlaps that of the β Cep (Miglio et al. 2007 ), but their frequency spectra are different. Their spectral range also overlaps that of the Be stars. These diverse observational behaviors may be due to intrinsic differences such as their rotational velocity distributions, age, metal abundance, magnetic field strengths, or degree of core convective overshooting. They might also be caused by external factors such as the presence of a circumstellar disk, our viewing angle to the star, or a binary companion.
The tools of asteroseismoloy can be used to measure many of the above internal stellar properties (de Cat et al. 2004; Aerts et al. 2008) . Ground-based programs have attempted to do this, but they generally detect too small a number of frequencies. The pioneering spacebased WIRE (Wide-Field InfraRed Explorer) and MOST (Microvariability and Oscillating Stars) satellites were considerably more successful in this regard and detected dozens of frequencies (Buzasi 2002; Bruntt and Southworth 2007; Matthews et al. 2004; Walker et al. 2005) . However, neither of these micro-satellites can observe a significant sample of B stars because they are limited to very bright stars (m V < 6).
In contrast to the above programs, Kepler simultaneously monitors the light variations of about 150,000 stars. Although its primary mission is to search for eclipses caused by transiting Earth-like planets, dozens of high quality B-star light curves are also being acquired.
The potential that Kepler holds for the study of B-star variability was amply demonstrated by the investigation of . Among the 48 light curves they examined, fifteen were found to be pulsators. This study expands on that pioneering work by examining a much larger set of Kepler B stars and classifying their variability. Therefore, this study is limited to a discussion of the Kepler B-star frequency spectra. The relation between these spectra and a star's position in the HR diagram will be the subject of a later paper. This paper is organized in the following fashion. In Section 2 the Kepler data set is described. Section 3 provides an overview of the frequency analysis. Section 4 provides a discussion of the frequency spectra of our target stars and Section 5 consists of a summary of our findings.
Data
The Kepler satellite was launched on March 6, 2009. It monitors the brightness variations of about 150,000 stars in a 105 deg 2 region in the constellations of Cygnus and Lyra. In preparation for its launch, Brown et al. (2011) obtained multi-band photometry (griz, DD051, and JHK from 2MASS) for more than 4 million stars in this field. These colors were used to assign each star an effective temperature T eff , surface gravity log(g), visual absorption A V , metallicity, and radius. The Kepler team then selected about 150,000 of these stars whose light curves would be continuously measured. The measurements were obtained in a single filter whose effective wavelength is close to that of the Johnson R filter. Magnitudes in this bandpass are referred to as Kepler magnitudes (K p ) in the Kepler Input Catalogue (KIC). Light curve points were obtained at a cadence of 30 minutes (long cadence) or 1 minute (short cadence). The stars monitored each quarter may change as the Kepler team refines their planet search targets and as new objects are added by participants in the Kepler Guest Observers program. Targets are given a unique identification number ranging from 757076 to 12984227. This study targets B stars. Program objects were identified by requiring (1) that they have a T eff > 10, 000 K in the KIC, or (2) a position in a KIC color-color plot that is close to that of a B star. The latter criterion was adopted because the Kepler temperatures of upper main sequence stars are not very precise . As a consequence of criterion 2, our initial sample was expected to contain some early-type A stars. In Figure 1 we compare the effective temperature of B stars whose temperatures were measured spectroscopically in the study to those listed in the KIC. In general the Kepler B-star effective temperatures are too low by about 3000 K, however, in extreme cases these temperatures can differ by a factor of two. Because the error in log(g) is relatively large, no restriction was placed on its value when creating our initial list of B-star candidates. The application of these criteria resulted in a sample size of 252 stars. An examination of their power spectra revealed that many (100) candidates were not light variables or possessed a very low level of variability. The KIC numbers of these stars are listed in Table 1 . If their number is followed by an asterisk, they might be variable at a level of less than about 0.02 mmag. The properties of the remaining 152 stars in our sample are listed in Table 2 . The first column provides their KIC number. The remaining columns provide the star's Kepler magnitude (K p ), Sloan g magnitude and g − i color, its proper motion in right ascension and declination, and a pseudo absolute magnitude, M µ , that is used later in the text. A histogram of their K p magnitudes is shown in Figure 2 . All of the light curves for our program stars were obtained in the long-cadence mode.
Frequency Analysis
The light curves for all 252 program stars were analyzed in a consistent way. All the light-curve measurements were obtained from the MAST database. We experimented with using the recently released target pixel files and corrections to it, but found that the corrected light curves were more useful for our purposes.
We handled the different epochs by analyzing all available quarters (n q ) for each star as well as the entire time series separately, to give n q + 1 frequency spectra per star. Outlier points in all light curves were removed, and each time series was interpolated onto an equidistant time grid. Light curves were then put into units of parts-per-million (ppm), using the transformation from the original Kepler flux (F K ) as f (t) = 10 6 (F K /y − 1), where y was either the mean value of the total light curve or a low-order polynomial fit to the light curve, depending on any artifacts present in the data. This fitting did well in removing long-term trends in the light curves that are likely non physical in origin. A similar approach was carried out in .
For each case, oversampled power spectra were computed and the frequency of maximum power and its corresponding amplitude were used in a minimization procedure to determine the true frequency, amplitude, and phase (and errors in all three parameters) of a sine function that models the mode. After each iteration, the data were pre-whitened, and the routine continued to determine the frequency set iteratively until an undesirable signal-tonoise (SNR) ratio of ≤ 5 was reached. This SNR was defined as the amplitude of the pulsation compared to the median amplitude of the very high frequency regime.
After the frequency analysis of all quarters of all stars, it was necessary to attempt to determine which frequencies were real by eliminating those that could have had instrumental origin. The criterion we used was that a frequency had to be present in each quarter as well as the entire time series spectrum. Additionally, to ensure the robustness of the frequencies reported in this study, only those having an amplitude within 20% of the largest amplitude mode were considered. This step certainly under counts the number of frequencies present in many of the stars, but is adequate for determining the type of variability these stars possess. In our view, additional work on the removal of instrumental effects and further high-quality measurements are needed to confirm the presence of the lower-amplitude frequencies.
Discussion
The study classified the variable B-stars into 4 groups: SPB stars, SPB/ β Cep hybrids, stars with frequency groupings, and stars with variations due to binarity or possibly rotation-modulated magnetic activity. To distinguish between white dwarfs, hot sub dwarfs, and main-sequence B stars, they used proper motions in the UCAC3 catalogue (Zacharias et al. 2009 ). Statistically, stars with large proper motions are expected to be closer to Earth than stars with smaller motions. B stars are rare, therefore, the nearest is expected to be far from us and have a small proper motion. Proper motions for all but six stars in our sample stars are contained in the UCAC3 catalogue. Figure 3 shows their vector point diagram. If we only consider stars classified as a B star in the previous Østensen et al. 2010 ) studies, their average motion is (-4.1, -5.1) mas yr −1 with a 1σ dispersion of about 1.3 mas yr −1 . This centroid is close to the value found by Balona et al. (2011) (-4.3, -5.4) , and consistent with that expected of a young star group in the direction of the Kepler field-of-view (Kharchenko et al. 2003 ), so we adopt it for this study. The location of a star in this diagram provides a crude way of distinguishing B stars from other stellar types. B stars in the upper-right quadrant of the figure have motions consistent with membership in the Gould belt, a partial ring of stars inclined by about 18 degrees to the galactic plane.
The above procedure was further refined by examining the position of a star in a pseudo HR diagram. The construction of this diagram is described in the Balona et al. (2011) paper so we only provide an overview of it here. Using a star's proper motion as a proxy for its distance, a pseudo absolute magnitude is computed from the relation: M µ = g + 5 log(µ), where g is the Sloan magnitude listed in the KIC, µ = ∆µ/(1 mas yr −1 ), and ∆µ is the difference between the stars's proper motion and the center of the B-star concentration. This absolute magnitude is then plotted against the star's g − i color. Using stars of known MK spectral type, were able to identify a boundary between main-sequence B stars and other stellar types in this pseudo HR diagram. Since our sample is an extension of the one used in their study, we adopt this same boundary in our study. Figure 4 shows the pseudo HR diagram of our stars. Stars with known spectral types are given special symbols that are discussed in the figure caption. A major difference between our figure and its counterpart in is the number of subdwarfs redder than g − i = −0.4. This difference arises from the presence of a sizable number of A stars that were included in our study. As discussed earlier, the KIC hot star effective temperatures are not very precise. Therefore, to capture as many B stars as possible, our sample extended to stars that have KIC colors appropriate to the early A stars. Figure 4 provides a natural way of separating main-sequence B stars from hot subdwarfs and white dwarfs.
To make our results compatible to those obtained by , we classified stars using the same scheme suggested by those investigators. β Cep stars are defined as stars whose pulsation frequencies extend from about 3.5 to 20 d −1 . SPB stars are defined as B stars that pulsate with frequencies between 0.5 and 3.5 d −1 . To be classified as a β Cep/SPB hybrid, a B star must possess modes of both of these classes, i.e. between 0.5 to 20 d −1 . The power spectra of stars with frequency groupings show distinct groupings of many modes around specific frequencies in their power spectra. Stars with variations due to binarity or rotation show relatively smooth light curves where the variability arises from rotation or proximity effects in a binary system such as light reflection, deformation of the components, or Doppler beaming. For completeness hot subdwarf and white dwarf candidates are also included in Table 3 . Table 3 shows the classification assigned to each of our program stars. We assign the columns to KIC number, quarters observed, our variable classification, the frequency of the waveform with the largest amplitude (ν max ), the amplitude of this frequency (A max ), number of waveforms detected with a amplitude greater the 20 percent of the largest amplitude (N freq ), and associated notes. In cases where it was not possible to distinguish a real variation from the low frequency noise, the frequency information is left blank. When the value for N freq has a colon attached to it, this uncertainty is associated with this noise. The presence of a frequency grouping is denoted in the notes column by the "Fg". When a star's proper motion is large, this is also noted since it is used to differentiate variable classes. Representative members of the each stellar group are discussed below.
β Cephei stars
The Kepler power spectra of these stars generally possess dozens of frequencies above about 3.5 d −1 . Few, if any, of these pulsations would have been detected in ground-based studies because of their small amplitudes. Their spectra often resemble those of hot subdwarfs. Therefore, it is possible that some hot subdwarfs have been incorrectly classified as β Cep stars. To minimize this possibility, a candidate star's position in Figures 3 and 4 were used to distinguish hot sub-dwarfs/white dwarfs from B stars. The power spectra of β Cep stars can also resemble that of a δ Scuti star. In addition, as shown by Figure 1 , the Kepler KIC effective temperatures for hot stars are generally much lower than a star's spectroscopically derived temperature. Therefore, stars whose Kepler temperatures would normally be too low to be considered a B star were included in our study. Both of these features make it likely that some of our B-star candidates are actually early A-type stars. The number of β Cep stars known prior to 2004 is about 93 (Stankov and Handler 2005) . We were able to identify 10 additional β Cep candidates. In Figure 5 , we provide the amplitude spectra, light curves and stability maps of two of these stars. The stability of the detected oscillations from quarter to quarter is useful in identifying possible transient signals. Additional information about these stars is provided below.
KIC 002856756: In the KIC this star has a Kepler magnitude of 10.2 and has an effective temperature of 10333 K. Its amplitude spectrum, based on the data collected during quarters 0-3 is shown seen Figure 5 . Its strongest pulsation mode has a SNR of 69 and is located at 17.85 d −1 (or a period of 1.34 hours). Although a prominent feature in the amplitude spectrum, the amplitude of this mode is only 0.15 mmag. An examination of its frequency spectrum shows that 19 frequencies have an amplitude of 20 percent of the maximum value. The stronger modes appear to be stable over the time period covered by the Kepler measurements, but this may not be the case for some of the weaker modes. Two frequencies located near 22 d −1 were only detected in the Q1 data. Additional measurements are needed to investigate whether some weaker modes are actually transient or are the result of instrumental effects. Although we are using this star are an example of a β Cep star, their is some evidence for several small amplitude (less than 20 ppm) modes with frequencies of less than 3.5 d −1 . If confirmed, this star would then be a hybrid. One wonders if classically defined β Cep stars were re-examined using high S/N data sets like those available from Kepler, whether many of them would be re-classified as hybrids.
KIC 007668647: In the KIC this star has a Kepler magnitude of 15.4 and an effective temperature of 10668 K. Its strongest mode has a frequency of 12.59 d −1 and an amplitude of 0.29 mmag. Twenty-four frequencies were detected within 20 percent of this maximum amplitude. Many of the detected modes are closely spaced in frequency and are not obvious in Figure 5 . Some of these may be artifacts of this star's relatively complex window function. All of the stronger frequencies found in this star appear to be stable over the time period covered by Kepler Q3 and Q5.
SPB Stars
To be classified as an SPB a star had to meet three criteria: (1) all of the frequencies in its power spectrum had to be ≤ 3.5 d −1 ; (2) its positions in Figures 3 and 4 had to be consistent with that of a B star; and (3) its power spectrum had to contain more than two frequencies. The last criterion was imposed to distinguish SPB stars from stars classified as binary/rotation (Bin/Rot). It was assumed that frequencies arising from rotation or binary activity will be few in number. Although special cases may arise where this assumption is not valid, it conforms to the scheme used to classify stars in the study. Approximately 51 SPBs were known to exist prior to about 2007 (De Cat 2007 . We identified an additional 46 potential members of this class. Example amplitude spectra, light curves, and stability maps of two members of this group are shown in Figure 6 and are discussed below. Figure 6 shows that the stronger amplitude frequencies are present in each of the quarters for which we have Kepler data, with the exception of quarter 0 which was only 10 days long, and thus appear to be quite stable. 
Binary/Rotation modulated stars
The light curves of stars within this group vary smoothly. Their power spectra show few peaks and these are thought to be connected to the star's rotation or binarity rather than pulsation. We identified 67 members of this group. Eight of these stars have high surface gravities and two have A-star effective temperatures in the KIC. The light curves, amplitude spectra, and stability maps of two of these stars are shown in Figure 8 . Each is briefly described below.
KIC 012216706: The Kepler magnitude and effective temperature of this star are 10.7 and 11061 K. Its light curve is typical of a binary system of one large star and one small companion. The strongest mode present in the power spectrum has a frequency and amplitude of 0.53 d −1 and 0.11 magnitudes. Other frequencies in the power spectrum are integer multiples of this primary frequency. This frequency is stable over the time period of our data set which consists of quarters 0-2. KIC 005473826: This star has a Kepler magnitude of 10.9 and a KIC effective temper-ature of 10927 K. Its light curve is smoothly varying and its power spectrum shows only two dominant modes at 0.95 d −1 and 1.90 d −1 . The latter is simply a harmonic of the first frequency, indicating that this waveform has a non-sinusoidal shape. Both of these frequencies, which have amplitudes of 10.80 mmag and 6.03 mmag respectively, are stable over the time period (quarters 0-3) covered by our data. The light curve is suggestive of magnetic spot modulation.
Pulsating Hot Subdwarfs and White Dwarfs
Candidates for these two classes of stars are presented because of their astrophysical importance. The power spectra of hot horizontal branch stars provide information about the structure of evolved stars, while white dwarfs are a major end product of stellar evolution. Stars are classified as pulsating hot subdwarfs or pulsating white dwarfs based on either their location in Figure 4 or their spectroscopic classification (Østensen et al. 2010) . Membership in either of these classes is highly uncertain. Many of these stars may be misclassified β Cep or SPB stars. Generally they possess a large proper motion and nearly all of the pulsating white dwarf candidates have a KIC log(g) 5. In Table 3 we classify 12 stars as pulsating sdB stars and 11 stars as pulsating white dwarfs. The discovery of pulsating white dwafts in the Kepler field is interesting since only a few (one?) of these stars are currently known. Many of the white dwarf candidates possess frequency groupings. For two sdB stars, KIC 6848529 and 9543660, we do not provide frequencies. In both cases the light curves are affected by unresolved calibration issues that cause a rapid rise in power at low frequencies. It is likely that the star KIC 006848529 has a stable mode at 0.92 d −1 with an amplitude of about 0.13 mmag, but a cleaner data set is needed to confirm this value. The amplitude spectrum of KIC 009543660 has several peaks below 1 d −1 , but their amplitudes are very small (≤ 0.03 mmag) and a confirming data set is required.
Summary
In this study we have examined the light curves of 252 B-star candidates in the Kepler catalogue. Variable stars in this sample have been classified using the criteria adopted by . These groupings include: the β Cep stars, the SPB stars, hybrid pulsators whose power spectra contain frequencies present in both of these pulsators, and B stars whose variability is likely related to their rotation or presence in a binary. Proper motions obtained from the UCAC3 catalogue (Zacharias et al. 2009 ) and the position of these stars in a pseudo HR diagram were used to distinguish between likely main-sequence B stars, hot subdwarfs, and A stars. Because the Kepler temperatures of hot stars are poorly known, the stars classified in this study should only be considered to be candidates for each of their variable classes. The primary result of this study has been to increase the number of B star variables identified using Kepler light curves. Using as a reference and the variable candidates studied here for inclusion within their respective classes, the number of β Cep candidates has been increased from 0 to 10, the number of SPB stars from 8 to 54, the number of hybrids from 7 to 21, the number of Bin/Rot B stars from 23 to 82. For comparison purposes the number of confirmed SPBs and hybrids known prior to 2007 were about 51 and 6 respectively (De Cat 2007) . The number of confirmed β Cep stars know prior to 2004 was 93 (Stankov and Handler 2005) . A secondary result of this study is the identification of an additional 11 white dwarf candidates, four of which possess frequency groupings.
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